Thirty Gluconobacter strains maintained at Culture Collection NBRC were re-identified at the species level on the basis of restriction analysis of 16S-23S rDNA internal transcribed spacer (ITS) regions by digestion with two restriction endonucleases MboII and Bsp1286I. The strains examined were divided into seven groups, designated as Group I and Group III-VIII, by the combination of the restriction patterns obtained with the two restriction endonucleases. Group I included seven strains, which gave "G. oxydans patterns" with the two restriction endonucleases and were re-identified as G. oxydans. Group III included 12 strains, which gave "G. frateurii patterns" and were re-identified as G. frateurii. Group IV included six strains, which gave "G. cerinus pattern" with MboII and "G. frateurii pattern" with Bsp1286I and were re-identified as G. frateurii. Group V included one strain (NBRC 3274), which gave respectively "G. frateurii pattern" and "G. cerinus pattern" and was re-identified as G. cerinus. Group VI included one strain (NBRC 3990), which gave respectively "G. oxydans pattern" and an unidentified restriction pattern and was re-identified temporarily as G. oxydans. Group VII included two strains (NBRC 3250 and NBRC 3273), which gave respectively an unidentified restriction pattern and "G. oxydans pattern." Group VIII included one strain (NBRC 3266), which gave unidentified restriction patterns. The three strains of Group VII and Group VIII were suggested to constitute new taxa by sequencing of 16S-23S rDNA ITS regions.
Introduction
The genus Gluconobacter Asai was proposed in 1935; three species are currently recognized: Gluconobacter oxydans (Henneberg 1897) De Ley 1961 (the type species), Gluconobacter cerinus Yamada and Akita 1984, and Gluconobacter frateurii Mason and Claus 1989 (Katsura et al., 2002; Mason and Claus, 1989; Tanaka et al., 1999; Yamada and Akita, 1984; Yamada et al., 1999) . Gluconobacter asaii Mason and Claus 1989 is a junior subjective synonym of G. cerinus, since the type strain and representative strains of G. asaii showed high levels of DNA-DNA similarity to the type strain of G. cerinus (Katsura et al., 2002; Tanaka et al., 1999; Yamada et al., 1999) .
In a previous study, we reported that sequence and restriction analyses of 16S-23S rDNA internal transcribed spacer (ITS) regions are applicable to the species-level identification of strains assigned to the genus Gluconobacter (Yukphan et al., 2004) . This paper describes re-identification of a number of strains accommodated in the genus Gluconobacter on the basis of restriction analysis, together with sequence analysis, of 16S-23S rDNA ITS regions.
Materials and Methods
Bacterial strains. Thirty strains of Gluconobacter species maintained at Culture Collection NBRC, Kisarazu, Chiba-ken, Japan were examined in this study (Table 1) . Gluconobacter oxydans NBRC 14819 T , G. cerinus NBRC 3267 T , and G. frateurii NBRC 3264
T were used as reference strains.
PCR amplification of 16S-23S rDNA ITS regions and digestion with restriction endonucleases.
A PCR amplification of 16S-23S rDNA ITS regions for digestion with restriction endonucleases was performed, as described previously (Trček and Teuber, 2002; Yukphan et al., 2004) . The two primers used were: 5Ј-TGCGG(C/T)TGGATCACCTCCT-3Ј (positions 1522-1540 on 16S rDNA by the Escherichia coli numbering system; Brosius et al., 1981) and 5Ј-GTGCC(A/T)AG-GCATCCACCG-3Ј (positions 38-22 on 23S rDNA) (Trček and Teuber, 2002) . Purified PCR products (ca. 715 bases) were digested separately with restriction endonucleases MboII (Fermentas, Hanover, MD, USA) and Bsp1286I (New England BioLabs, Beverly, MA, USA), as described previously (Yukphan et al., 2004) . Digestion reactions of the two restriction endonucleases followed manufacturer's instructions.
Sequencing of 16S-23S rDNA ITS regions and sequence and restriction analyses. Direct sequencing of the single-banded and purified PCR products (ca. 715 bases, from position 1 in the specified Gluconobacter oxydans numbering system, Yukphan et al., 2004) was carried out, as described previously (Yukphan et al., 2004) . Besides the primers mentioned above, two additional primers were used for sequencing: TAlaf (5Ј-AGAGCACCTGCTTTGCAA-3Ј, positions 285-302 on 16S-23S rDNA by the Gluconacetobacter hansenii numbering system; Trček and Teuber, 2002) and TAlar (5Ј-ACCCCCTGCTTGCAAA-3Ј, positions 311-296 on 16S-23S rDNA). The sequences determined were aligned with the program CLUSTAL X (version 1.81) (Thompson et al., 1997) . Distance matrices for aligned sequences were calculated by the twoparameter method of Kimura (1980) . Gaps and ambiguous bases were eliminated. The neighbor-joining method of Saitou and Nei (1987) was used to construct a phylogenetic tree on 678 bases. Robustness for individual branches was estimated by bootstrapping with 1,000 replications (Felsenstein, 1985) . A computerized restriction analysis on 16S-23S rDNA ITS regions was made by means of the program NEBcutter (version 2.0, New England BioLabs) (Yukphan et al., 2004) .
Base sequence deposition numbers. All the base sequences determined were deposited in the DDBJ databases. The base sequences of 16S-23S rDNA ITS regions were filed under the accession numbers AB162709 for strain NBRC 3271, AB163849 for strain NBRC 3274, AB162710 for strain NBRC 3250, AB163865 for strain NBRC 3990, AB162711 for strain NBRC 3273, and AB162712 for strain NBRC 3266.
Results
The 30 strains tested were divided into seven groups, designated as Group I and Group III to VIII, on the basis of the combination of the restriction patterns obtained by digestion with the two restriction endonucleases, MboII and Bsp1286I (Table 1) .
Group I included the strains that gave "G. oxydans patterns," all of which coincided with those of G. oxydans NBRC 14819 T when digested with the two restriction endonucleases (Table 1) . As shown in Fig. 1 , strains NBRC 3462 and NBRC 12467 showed "G. oxydans patterns" and were included in Group I. Additional strains accommodated in this group were NBRC 3130, NBRC 3189, NBRC 3287, NBRC 3292, and NBRC 3294 (all of data not shown). The strains of this group counted seven and amounted to 24% of all. In this study, no strains accommodated in Group II were found (Table 1) . Group III included the strains that showed "G. frateurii patterns," all of which coincided with those of G. frateurii NBRC 3264
T by digestion with the two restriction endonucleases. Strain NBRC 3255 showed "G. frateurii patterns" and was included in Group III (Fig. 1) . Additional strains accommodated in this group were NBRC 3172, NBRC 3256, NBRC 3257, NBRC 3258, NBRC 3289, NBRC 3291, NBRC 3263, NBRC 3269, NBRC 3260, NBRC 3271, and NBRC 3272 (all of data not shown). The strains of this group counted 12 and amounted to 40% of all (Table 1) . Group IV included the strains that did not show "G. frateurii pattern" but "G. cerinus pattern," which coincided with that of G. cerinus NBRC 3267
T when digested with MboII. However, the strains gave "G. frateurii pattern" with Bsp1286I. Strains NBRC 3171
and NBRC 3253 showed respectively "G. cerinus pattern" and "G. frateurii pattern" and were included in Group IV (Fig. 1) . Additional strains accommodated in this group were NBRC 3285, NBRC 3290, NBRC 3262, and NBRC 3286 (all of data not shown). The strains of this group counted six and amounted to 20% of all (Table 1) . Group V included only one strain, NBRC 3274, which gave "G. frateurii pattern" with MboII and "G. cerinus pattern" with Bsp1286I (Fig. 1) . The amount of this group was 3%. Group VI included only one strain, NBRC 3990, which gave "G. oxydans pattern" with MboII and an unidentified restriction pattern with Bsp1286I (Fig. 1) . The amount of this group was 3%.
Group VII included two strains, NBRC 3250 and NBRC 3273, which gave respectively an unidentified restriction pattern and "G. oxydans pattern" by digestion with MboII and Bsp1286I (Fig. 1) . The amount of this group was 7%.
Group VIII included only one strain, NBRC 3266, which gave unidentified restriction patterns and was quite different in these respects from the type strains of the three known Gluconobacter species with MboII and Bsp1286I (Fig. 1) . The amount of this group was 3%.
The 16S-23S rDNA ITS regions of representative strains accommodated in Group III, Group IV, Group V, Group VI, Group VII, and Group VIII were sequenced by means of the above-mentioned PCR products (ca. 715 bases, from position 1 on 16S-23S rDNA ITS regions). The calculated positions were based on the specified Gluconobacter oxydans numbering system (Yukphan et al., 2004) . As shown in Fig. 2 , strain NBRC 3274 of Group V was obviously located in "G. cerinus cluster." This strain had a different sequence 5Ј-GAAAA-3Ј at positions 531-535 from either G. cerinus NBRC 3267
T (5Ј-
and showed "G. frateurii pattern" on digestion with MboII [5Ј-GAAGA(N)8/7-3Ј]. In contrast, the strains of Group IV were characterized by the recognition sequence, 5Ј-GAAGA-3Ј of MboII at positions 531-535 and showed "G. cerinus pattern," as reported previously in strain NBRC 3251 (Yukphan et al., 2004) . These data indicated that in strain NBRC 3274 transition of G to A occurred especially at position 534 and thus the base sequences are interchangeable at positions 531-535. Strain NBRC 3990 of Group VI was phylogenetically located in the sublineage of G. oxydans. However, the phylogenetic distance of the strain was not so close but relatively far from G. oxydans NBRC 14819 T (Fig. 2). This strain had an additional recognition sequence 5Ј-GAGCTC-3Ј of Bsp1286I [5Ј-G(G/A/T)GC(C/A/T)C-3Ј] at positions 520-525, when compared with G. oxydans NBRC 14819 T (5Ј-GAGCTT-3Ј), and produced five restriction fragments of 189, 177, 173, 92, and 82 bp. Strain 3271, which was accommodated in Group III, was located in "G. frateurii cluster" (Fig. 2) 
Discussion
Previously, we performed a PCR amplification, according to Trček and Teuber (2002) , for sequencing of 16S-23S rDNA ITS regions by using the following two primers: 5Ј-CGTGTCGTGAGATGTTGG-3Ј (positions 1071-1087 on 16S rDNA by the Escherichia coli numbering system; Brosius et al., 1981) and 5Ј-CGGGGT-GCTTTTCACCTTTCC-3Ј (positions 488-468 on 23S rDNA) (Yukphan et al., 2004) . In this study, however, we found that the above-mentioned PCR products (ca. 715 bases) can be commonly utilized for both experiments, i.e., for restriction and sequence analyses.
Among the seven strains of Group I that showed "G. oxydans patterns," the labeled DNA from the type strain of G. oxydans represented 82% and 85% DNA-DNA similarities to DNA from strain IFO 3294 (ϭNBRC 3294) (Micales et al., 1985; . On the other hand, 55%, 65%, and 78% DNA-DNA similarities were calculated for strain IFO 12467 (Micales et al., 1985; Tanaka et al., 1999; . 2004 Re-identification of Gluconobacter strains 193 Fig. 2 . Phylogenetic relationships of Gluconobacter strains based on 16S-23S rDNA ITS region sequences. The phylogenetic tree was constructed by the neighbor-joining method. The type strain of Acetobacter aceti was used as an outgroup. Numbers at nodes indicate bootstrap percentages derived from 1,000 replications.
The seven strains mentioned above were grouped in "the G. oxydans group" or "Group I" in the electrophoretic pattern analysis of six enzymes, although the similarity value of strain IFO 12467 was quite low (17%) (Yamada and Akita, 1984) . For strain IFO 12467 (ϭNBRC 12467), G. oxydans subsp. sphaericus was once proposed as a new subspecies (Ameyama, 1975) . The seven strains of Group I were thus re-identified as G. oxydans (Table 1) .
Among the 18 strains of Group III that showed "G. frateurii patterns" as well as of Group IV that showed respectively "G. cerinus pattern" and "G. frateurii pattern," as in strain NBRC 3251 (Yukphan et al., 2004) , strains NBRC 3271, NBRC 3272, NBRC 3262, and NBRC 3286 had high levels of DNA-DNA similarity (77-87%) to the type strain of G. frateurii (Micales et al., 1985; Tanaka et al., 1999) . In the electrophoretic pattern analysis of six enzymes, these strains constituted a subcluster with a similarity value of 83% along with strain IFO 3264 (the type strain of G. frateurii) (Yamada and Akita, 1984) . In addition, strains NBRC 3271 and NBRC 3265 of Group III as well as strain NBRC 3251 of Group IV were obviously located in "G. frateurii cluster" (Fig. 2) (Yukphan et al., 2004) . The 18 strains of Group III and Group IV were thus re-identified as G. frateurii (Table 1) . However, the phylogenetic branches of these strains were longer than those of the strains of G. cerinus examined (Fig. 2) . These data suggested that strains assigned to G. frateurii have a heterogeneous nature taxonomically.
In the electrophoretic pattern analysis of six enzymes, strain NBRC 3274 of Group V, which showed respectively "G. frateurii pattern" and "G. cerinus pattern" with MboII and Bsp1286I, constituted a subcluster with a similarity value of 67% along with the type strain of G. cerinus (IFO 3267 T ) (Yamada and Akita, 1984) . Additionally, this strain was located in "G. cerinus cluster" (Fig. 2) . Strain NBRC 3274 of Group V was thus re-identified as G. cerinus (Table 1) .
Strain NBRC 3990 of Group VI, which gave "G. oxydans pattern" with MboII and an unidentified restriction pattern with Rsp1286I, was located in "G. oxydans cluster" (Fig. 2) . However, the phylogenetic branch of the strain was not so short but rather long. Although this strain was once grouped in "Group I" or "the G. oxydans group" in the electrophoretic pattern analysis of six enzymes, the similarity value of the strain was not so high to the type strain of G. oxydans (50%) (Yamada and Akita, 1984) . Strain NBRC 3990 of Group VI, which represented a different restriction pattern with Bsp1286I (Fig. 1) and a relatively long branch in the phylogenetic tree based on 16S-23S rDNA ITS region sequences (Fig. 2) , was re-identified temporarily as G. oxydans, although the strain was supposed to constitute a separate taxon.
Strains NBRC 3250 and NBRC 3273 of Group VII, which represented an unidentified restriction pattern with MboII and "G. oxydans pattern" with Bsp1286I, as well as strain NBRC 3266 of Group VIII, which represented unidentified restriction patterns with the two restriction endonucleases, constituted independent clusters phylogenetically (Fig. 2) . and Micales et al. (1985) reported that strain IFO 3250 (ϭNBRC 3250) had low levels of DNA-DNA similarity (57% and 53%, respectively) to the type strain of G. oxydans. In the electrophoretic pattern analysis of six enzymes, Yamada and Akita (1984) calculated low similarity values of 33% and 33% within "Group I" or "the G. oxydans group" for strains NBRC 3250 and NBRC 3273 as well as strain NBRC 3266. These data suggested that strains NBRC 3250 and NBRC 3273 of Group VII as well as strain NBRC 3266 of Group VIII are classified in separate taxa, although these strains were once recognized as G. oxydans (Yamada and Akita, 1984) .
As has been described above, the data obtained by the restriction and the sequence analyses of 16S-23S rDNA ITS regions in the strains of the genus Gluconobacter examined were well correlated to those by the electrophoretic pattern analysis of six enzymes reported by Yamada and Akita (1984) ; two or more taxa other than the type species, G. oxydans may exist in "Group I," "the G. oxydans group," or the sublineage of G. oxydans.
In this study, a large number of strains were re-identified as G. frateurii among the 30 Gluconobacter strains examined; it counted 18 strains, which amounted to 60% of all. The second was G. oxydans; it counted eight strains, which amounted to 27%. One strain (NBRC 3274) was re-identified as G. cerinus, and amounted to only 3%. The unidentified three strains, NBRC 3250, NBRC 3273, and NBRC 3266 amounted to 10% (Table 1) .
The restriction analysis of 16S-23S rDNA ITS regions by digestion with the two restriction endonucleases, MboII and Bsp1286I is applicable to identify strains assigned to the genus Gluconobacter at the species level. When reasonable data are not obtained by the present restriction analysis, as in strain NBRC 3274 of Group V, strain NBRC 3990 of Group VI, strains NBRC 3250 and NBRC 3273 of Group VII, and strain NBRC 3266 of Group VIII, the 16S-23S rDNA ITS region sequence analysis described above will give a decisive conclusion, together with DNA-DNA hybridization.
